Introduction
Private enterprises are the main contributor to local development in developing countries [1] . Previous research on firms' performance in developing countries have identified many factors that contribute to firmlevel efficiency [6, 7, 8 ]. Yet, due to limited availability of data, little is known about the relative importance of these efficiency determinants. For this reason, many efforts have been made to improve the quality of the firm-level data in developing countries. In light of the recent improvements in firm-level data for developing countries, this paper presents a comprehensive analysis on the contribution of various internal and external factors to the profitability of private enterprises in developing countries.
Specifically, I ask the following research questions. First, how efficient are firms in developing countries? Second, what are the most important characteristics of an efficient firm? Finally, what policy is the most effective at improving the firm-level efficiency? I answer these questions by combining the stochastic frontier developing countries [13] . Therefore, while previous studies gain useful insights into the role of individual factors in determining productivity growth, they also present a challenge for policymakers to identify the most important policy targets. Using a detailed firm-level panel dataset in Vietnam, this paper provides practical policy recommendations to increase productivity growth in developing countries through ranking various efficiency determinants by their orders of effectiveness. As the firm-level productivity is known to be an important indicator of aggregate industry-or country-level productivity [1] , this paper also contributes to the literature studying the sources of aggregate productivity growth by identifying the most important productivity drivers at the micro level.
The rest of the paper is organized as follow. Section 2 presents the econometric framework while section 3 describes the empirical context of the study. Section 4 discusses the main estimation results and section 5 presents the robustness analysis. Finally, a concluding remark is provided in section 6.
Econometric framework
The goal of this study is to understand the relative importance of various factors in determining productive efficiency in developing countries. The literature studying productive efficiency is extensive and can be dated back to the theoretical work by [4] , who defines firms' efficiency as the distance between firms' current productive status and their maximum attainable outcome based on criteria such as production output, cost or profit. Econometric specification of firms' production behavior that allows for the existence of inefficiency is known as stochastic frontier analysis. This technique assumes that firms operate on or beneath a productive frontier, which captures the optimal allocations of production activities such that firms' production cost (profit) is minimized (maximized). Firms who operate on the productive frontier are considered efficient while firms who operate underneath the productive frontier are considered inefficient. The further a firm is from its productive frontier, the more inefficient it is.
Stochastic frontier analysis assumes two factors that affect firms' deviations from their productive frontier. The first characterizes the randomness in the production process (for example, weather or other acts of nature) and thus takes on both positive and negative values. The second characterizes the possibility that the firm is operating inefficiently and thus takes on only negative values. Thus, econometric specification under stochastic frontier analysis departs from the assumption of a symmetric random error in traditional ordinary least squares (OLS) regressions. Instead, it involves both a two-sided error term that captures the randomness in production and a one-sided error term that captures firms' inefficiency. This allows the estimation of the mean and variance of efficiency, thereby informing policymakers about the extent to which efficiency vary among firms [9] .
Many previous studies rely on the estimation of production or cost frontiers to determine the efficiency level of a decision-making unit. Under this approach, firms choose between different combinations of inputs to produce an exogenous level of output. While the assumption of exogenous output is appropriate in some settings, in most cases, producers are responsible for choosing both the input and output quantities. To account for this, the estimation of firms' efficiency measurement should involve a profit frontier specification. In this paper, I employ the stochastic profit frontier framework to estimate the profit efficiency of Vietnamese SMEs and to analyze the factors that contribute to the performance of these firms. Following (Kumbakar 2015), the specification of the stochastic profit frontier model is as follow:
where denotes firm and denotes time. denotes a firm's actual short-run profit, which is calculated as its revenue minus its variable costs (the sum of labor and material costs).
, , represents the firm's short-run profit frontier, which is the maximum attainable profit the firm could achieve, given the variable input price vector ( ), the output price ( ) and the quantity of fixed input ( ). This econometric framework assumes that firms are price-takers, which is a reasonable assumption for small and medium firms.
Two factors contribute to the deviation of firm's actual profit from its profit frontier. First, there exists randomness in the production process, due to an unusually favorable (or unfavorable) operating environment (for example, weather or other acts of nature), which may cause firms to perform better (or worse) than their potential. This randomness in the production process is captured in the mean-zero error term . Second, a firm can deviate from its profit frontier because it was operating inefficiently, where its chosen production plan does not lead to the maximum attainable profit. These mistakes in the production of outputs and uses of inputs are captured in the non-negative random inefficiency parameter . Finally, ,
, and capture industry-, time-and industry time fixed effects. The fixed effects capture the variations between industries and over time of the profit frontier.
Estimating the model in (1) requires parametric specifications of the functional form of ln , ,
as well as the distributions of and . I assume that the profit frontier ł , , takes the form of a translog profit function. This profit function must satisfy homogeneity of degree one in input and output prices. This can be achieved by normalizing the input prices and profit by the output price. Let ln , , , the normalized translog profit frontier (ln ) is as follow:
, where $ denotes the price of variable input + for firm during period and + is equal to , (raw materials) or (labor).
Combining (1) and (2) yields the following estimation equation:
In addition to the homogeneity restriction, the above profit function also satisfies a symmetry condition, namely ( $) ( )$ and ( $% ( %$ ∀+, /, . Finally, follows a normal distribution ( 0 ∼ 2 0, 4 5 * ) and follows a truncated normal distribution ( ∼ 2 6 0, 4 7 * ).
The objective of this paper is not only to estimate the level of efficiency for Vietnamese SMEs but also to identify the factors that contribute to inefficiency. To do so, I model the distribution function of the inefficiency parameter as a function of other explanatory variables. Specifically: Equations (3) and (4) are simultaneously estimated using a maximum likelihood estimator. Based on the estimation results, the profit efficiency can be defined as:
where BC measures the actual profit for firm at time relative to the profit of a fully efficient firm who is subject to the same prices and fixed input quantity.
Finally, following [9] , the implied changes in expected profit from changes in the efficiency explanatory variables (
) are derived from the estimated values of = 7 and 4 7, * . Specifically, the marginal effect of the th element of ; is given by:
where > % denotes the th element of ; and = %7 is the corresponding coefficient estimated from equation (4) . O . and Φ . are the probability density and probability distribution functions of a standard normal variable. The magnitudes of the estimated marginal effects in equation (6) allows us to quantify the relative importance of various factors on the firm-level efficiency.
Data
To understand the role of different variables on firm-level efficiency in developing countries, I analyze the stochastic profit frontier model in the context of Vietnam. As a transitional economy, Vietnam shares several similarities with other developing countries. First, the private sector, which consists primarily of small and medium enterprises (SMEs), is crucial to economic development [5] . Second, like other transitional economies, Vietnam has undergone several reforms for the last three decades, which transforms the country from a closed, centrally-planned economy to an open, market-oriented economy.
The common characteristics between Vietnam and other developing countries make Vietnam a good case study of the business environment in developing countries. Additionally, since 2005, the Vietnam Center Institute for Economic Management (CIEM) has established the Small and Medium Enterprise (SME) survey to better understand the operation of SMEs [2] . This comprehensive dataset covers different types of ownership, industries and geographical regions of Vietnam and contains rich firm-level information, such as their financial accounts, production and sales structure, employment and cost structure, economic constraints and potentials. Therefore, taking advantage of the rich Vietnam SME dataset, this paper aims at ranking the contributions of various factors to the firm-level productivity. Table 1 shows the distribution of firms across types of ownership and industry.
I employ the stochastic profit frontier approach discussed in section 2 as the main empirical framework. The econometric specification of a firm's stochastic profit frontier consists of two components: (i) the profit frontier component that describes firms' optimal level of profits given their input and output prices (equation (3)); and (ii) a component that models the sources of inefficiency for each firm (equation (4)). Therefore, it requires two sets of variables. First, estimating the profit frontier in equation (3) requires information on firm-level annual profits, fixed inputs, and firm-level prices of output and variable inputs. Second, estimating the efficiency explanatory equation (4) and the marginal effects of different variables on efficiency (equation (6)) requires data on the internal and external factors that potentially contribute to the discrepancy between firms' current profit and their optimal profit level. Next, I describe in detail the variables needed to estimate this profit frontier model. 2,599 Light industries include firms producing food, beverages and tobacco products; textile and leatherrelated products; paper and printing products; and furniture manufacture. Heavy-industries include manufacturers of machinery and equipment, chemical, metal, rubber and non-metallic products.
Profit frontier variables
The analysis of the profit frontier equation (3) requires the construction of firm-level profit ( ), output price ( ), variable input prices ( $ ), and fixed input ( ), where variable inputs consist of labor ( ) and raw materials (,).
Profit ( ) is measured by the annual gross margin, which is the difference between a firm's revenue from production and its variable costs. Fixed inputs ( ) is measured by the value of all productive physical assets, which includes the values of buildings, machinery and equipment. The price of labor ( I ) is calculated by dividing the total wage expenditure by the number of employees (i.e. the quantity of labor).
While firm-level data on gross margin ( ), capital stock ( ), labor, total revenue and total input expenditure are available, firm-level data are not available on the price of raw materials and output. One approach to generate input and output prices is to use the industry-level price indices (e.g. [12] ). To account for the price variations among firms, each price used in this study is weighed by the transactions made during the year through different market channels. Specifically, the price of output ( ) and raw materials ( S ) are proxied by:
where , denotes firm and time. T U, V (T U, S ) is the share of output (raw materials) that is sold (acquired) domestically, while T X, V (T X, S ) is the share of output (raw materials) that is sold (acquired) internationally through exports (imports). B U represents the price index of domestic goods while B X is the price index of exported goods. Finally, Y U is the price index of domestic raw materials and Y X is the price index of imported raw materials. Data for the price indices are extracted from the Statistical Yearbook of Vietnam Statistical Yearbook of Vietnam [5] . The construction of the prices in equation (7) is based on two assumptions. First, firms are price takers in the output and input markets. And second, firms produce a single output and use only one type of raw material in production. In this case, the price-taking assumption is reasonable because small and medium firms in the dataset often operate industries with a large number of firms such as the food, tobacco and beverage industry or the textile industry, therefore, given their smaller sizes, these firms have little power over the market prices. Moreover, most firms in the dataset produce only one type of output and the average number of products that each firm produces is 1.16, therefore, without loss of generality, we can assume a single output price for every firm. On the other hand, raw materials typically include many different items. However, it is common in the literature to treat materials as a homogeneous input [10] . Table 2 reports the average profit, raw material expenditure, wage expenditure and value of the capital stock for all SMEs over the period of 2005-2015.
Efficiency explanatory variables
The profit frontier variables discussed above are helpful in estimating firms' maximum attainable profit, given the quantity of fixed inputs and the prices of output and variable inputs. The gap between this maximum profit and the actual profit allows us to infer about the level of profit efficiency for each firm. Possible factors that might affect this efficiency gap are modeled using the efficiency explanatory equation (4) . These factors are either inherent within the firms themselves (the internal environment) or capture characteristics of the business and legal environment in which the firms operate (the external environment). Both the internal and external factors are available at the firm level and are discussed in detail below.
The internal determinants of profit efficiency
Internal factors such as human capital, firm's age, size and improvements of the production process have been known in the literature as important determinants of firm's performance (for example, [8, 11] ). In this paper, human capital is proxied by both the characteristics of the firms' owner-managers and labor training activity. A firm's effort to upgrade its production process is captured by a dummy variable which equal 1 if the firm introduces a new product, modifies its existing product, or modify its production process in the previous year. Firm's age is measured as the number of years since the firm's establishment up until the survey year while firm's size is measured using the number of employees.
The external determinants of profit efficiency
Besides the internal characteristics of the businesses, external environmental factors also play a role in determining firm-level performance. These external factors represent the business and legal environment in which the firms operate.
First, the business environment is captured by dummy variables which show the various relationships between the firms and other business entities. Competition is measured by a dummy variable which equals 1 if the firm reports that they faced competition. A firm's exporting activity is measured by a dummy variable that equals 1 if the firm exports, while a firm's subcontracting activity is measured by a dummy variable that equals 1 if the firm is a subcontractor. Besides competition and business partnership, the ability to obtain capital also determines firm-level success [7] . In this paper, a firm's access to formal credit is measured by a dummy variable which equals 1 if the firm has difficulty in obtaining formal credit while a firm's use of informal credit is measured by a dummy variable which equals 1 if the firm use informal credit as a source of Besides the business environment, the legal systems can also influence a firm's performance [3, 15] . In this paper, I consider three main indicators of the legal environment, which are formalization, government assistance and corruption. Formalization is measured by a dummy variable which equals 1 if the firm is formally registered while government assistance is captured by a dummy variable which equals 1 if the firm receives assistance from the government. Finally, corruption is measured by the amount of bribery that firms pay as a percentage of total revenue. Table 3 provides the description of the efficiency explanatory variables included in this study and table 4 provide the summary statistics of these variables. 
Main empirical results
This section presents the main estimation results. Table 5 reports the estimation results of the profit frontier equation (3), the efficiency explanatory equation (4) ) for the full sample (columns (1)-(3) ), the light industries (columns (4)- (6)) and the heavy industries (columns (7)- (9)) between 2005 and 2015. Light industries include manufacturers of products such as food, beverages and tobacco products; textile and leather-related products; paper and printing products; and furniture manufacture. Heavy-industry firms include manufacturers of machinery and equipment, chemical, metal, rubber and non-metallic products.
How efficient are private firms in Vietnam?
The estimation results for the whole sample in table 5 show that the average profit efficiency of nonstate manufacturing firms between 2005 and 2015 is 70.1%. In other words, on average, firms earn 29.9% less than their estimated maximum attainable profit due to inefficiency. To get a sense of the potential loss in profit, I compare this to the average profit of a firm in this dataset. The average reported annual profit for a firm in the dataset is 715. In short, the results show that firms are not operating at their full potential. This finding is consistent with previous studies in other countries (e.g. [6, 14] ). Next, I will analyze the relative importance of various internal and external characteristics on the firm-level efficiency.
What internal and external characteristics do an efficient firm possess?
The profit frontier model in section 2 not only reveals about the distance between a firm's current level profit and its maximum attainable profit, but also allows the identification of the determinants of efficiency. The bottom half of table 5 presents the estimation results of the efficiency explanatory equation (4) and the implied change or marginal effect of each variable that explains efficiency on expected profit. Overall, the profit efficiency level of a firm depends on characteristics of its internal environment, regardless of which industry it is in, therefore, a firm's action to improve its internal environment can be beneficial for its efficiency.
The estimation results in table 5 show that the three most important internal characteristics of an efficient firm are its size, its effort to upgrade the production process or to improve its products, with firms' size being the most significant contributor to the firm-level profitability. These results are consistent when the whole sample is divided into light-industry firms and heavy-industry firms (columns (4)-(9) of table 5). One explanation is that while the benefits from expanding a firm's size can be realized in the short run, the impact lag of other variables on efficiency is longer. For example, it takes more time for a new production process to be fully efficient and for new products to be accepted by consumers. Similarly, it takes more time for human capital improvements to be translated into higher profitability. In addition to the firm-specific characteristics, the external environment in which the firms operate also plays a role in shaping their efficiency. The results show that competition, exporting and access to credit are the largest contributors to efficiency of firms in both heavy and light industries. Specifically, competition increases firm-level efficiency, as it motivates firms to improve its production and encourages inefficient firms to exit the market. Table 5 also suggests that firms who engage in exporting activities and have better access to credit tend to be more efficient. Finally, bribery is associated with lower level of profitability in both the light and heavy industries.
Robustness checks
This section presents some robustness check of the main estimation results in section 4. Specifically, I consider alternative sub-samples in the dataset and alternative specifications of the profit frontier models.
To account for the fact the different types of firms have access to different technology, I apply the stochastic profit frontier model in section 2 to various subsamples in the dataset. Specifically, I re-estimate the profit frontier model using only incumbent firms who are present in all six rounds of the survey between 2005 and 2015. This is to account for the potential bias from the inclusion of firms who are not present in all rounds of the survey. In addition, I further classify firms into household (family-owned) businesses and nonhousehold businesses. Table 6 presents a summary of the estimation results of the above robustness checks for the whole sample (columns (1)- (4)), the light industries (columns (5)- (8)) and the heavy industries (columns (9)- (12)). Overall, the main estimation results still hold for these alternative sub-samples. However, household firms are more likely to benefit from formalization while non-household firms are more prone to bribery. This reflects that on average, non-household businesses pay bribery more frequently than household businesses. Thus, this also suggests the existence of a crowding-out effect between formalization and corruption.
Next, I estimate the profit efficiency for all firms in the sample under alternative specifications of the model described in section 2. This is to account for the potential correlations between closely related variables. Table 7 shows the marginal effects of each efficiency explanatory variable on the profit efficiency of the full sample, under alternative measures of human capital (columns (2)- (3)), production upgrading activities (columns (4)- (6)), access to credit (columns (7)- (8)) and firm's location (columns (9)- (10)). Overall, the main results in section 4 still hold under these alternative specifications. To capture the interaction between different variables, I also incorporate interactive variables into the analysis. Columns (11) and (12) of table 7 summarize the marginal effects of the efficiency explanatory variables with interactive variables between firm's age and size (column (11) ) and between labor training and firm's size (column (12) ). The marginal effects of the interaction variable between firm's age and size is negative and statistically significant (column (11) ). This suggests that, while larger firms are more efficient, the marginal effect of expanding a firm's size on profit efficiency declines as the firm ages. This is in line with the fact that older firms are more likely to use older technology than their younger counterparts. Column (12) of table 7 explores the interaction between a firm's size and whether the firm provides training to their workers. The marginal effects of firm's size and the labor training*size interaction variable are positive and statistically significant, which implies that larger firms with labor training programs are more efficient than other firms.
One assumption of the profit efficiency model is that firms are pricetakers. Firms who do not face competition are often price setters, therefore the inclusion of those firms may bias the results. To this end, I re-estimate the profit frontier model, excluding firms not facing competition from the sample. Under this specification, the main conclusions in section 4 are still valid, which in line with the fact that nearly all firms in the sample report that they face some competition.
Finally, another concern is that the variables used to estimate the efficiency explanatory equation are influenced by the firms' profit level. To address this issue, I re-estimate the profit frontier model for the years 2007-2015 and use the information on the firm-specific internal and external environment in 2005 to estimate the efficiency explanatory equation. The results from these empirical exercises do not change the relative importance of the firm-specific characteristics documented in section 4.
Conclusion
As private firms play an important role in fostering local economic development, it is important to understand which factor is the most significant at boosting their performance. Yet, few studies have explored the relative importance of different variables on the firm-level efficiency, primarily because of the availability of data. Using a comprehensive dataset about firms in Vietnam, a transitional economy, this paper is among the first attempt at ranking the relative importance of various commonly-known efficiency determinants on private enterprises' profitability.
The results suggest that Vietnamese private firms are operating at about two-thirds of their potential profitability. This result is in line with previous studies in other developing countries, therefore, Vietnam provides a good case study for other private firms in the developing world. In addition to estimating the efficiency gap, this paper also documents the marginal impact of various commonly-known determinants of efficiency on the firm-level profitability. Specifically, firm-specific characteristics are more important in shaping the profitability of a firm than characteristics of the external environment in which the firm operates. This implies that policies that encourage firms to improve their own internal strength are crucial to promote the firm-level efficiency. For example, improved access to the labor market, innovation incentives to upgrade the production process and labor training programs are found to be the most significant policies for the development of the private sector. In addition, the results also imply the importance of improving the external business and legal environment on the firm-level performance. Specifically, policy that fosters healthy competition and business partnerships is beneficial for the growth of private SMEs. Finally, improving the transparency of the legal system will reduce firms' exposure to corruption, thereby increasing their profitability.
